Abstract. Functionalized graphene-cement-based composites (FGCC) was prepared by the Portland cement with incorporation of functionalized graphene nano-platelets (FGN), which was obtained by the oxidation of graphene nano-platelets. Compared to the conventional cement-based materials, the FGCC have not only high adsorption efficiency-removal percentage of 3d-adsorption reaching to 96% and 14-adsoprion more than 99%, but also the better recycling efficiency. The characterization results of scanning electron (SEM) microscope and energy dispersive spectrometer (EDS) shows the microstructure and of morphology FGCC and the elements distribution of heavy metals. And X-ray diffraction (XRD) determined the existing forms of heavy metal-complexes.
Introduction
With more discharge of industrial wastewater, water pollution of heavy metal has become a serious environment issue. The heavy metals exists widely in the wastewater and they could enter to human body through food or water. Once excessive intake of them for a period, probably resulting in some diseases including convulsions, renal failure, even cancer. Therefore, it is urgent to solve the problem of heavy metal pollution [1] .
So far, the adsorption is a commonly method used for removal of heavy metals due to its simple operation and low cost and the conventional filter materials are made by ceramic materials, industrial byproducts and furnace slag etc. [2] . However, on account of lower removal effect and recycling rates, theirs practicability undermined in practical application. The cement-based materials are common materials that can exhibit excellent mechanical properties at excessive levels of production. And the graphene, as a new carbon materials, is a kind of ideal adsorbent due to its excellent physical and chemical properties.
In addition, Graphene-based composite materials have been studied as adsorbent. In previous works. Many researches reveals that the adsorption performance of graphene, and confirmed that graphene-based composite materials possess a high adsorption capacity of heavy metals (Cu 2+ , Cd 2+ , etc.) as well. Hossein Najafabadi et al. [3] reported that chitosan/graphene does not only have the extraordinary adsorption capacity, but also the high adsorption efficiency for the removal of Cu 2+ , Pb 2+ and Cr 6+ from aqueous solution. And Yang et al. [4] reported that graphene oxide (GO) possess extraordinary sorption capacity and high sorption efficiency for the removal of copper from aqueous solution. Besides, Deng et al. [5] revealed that the effect of graphene-based composites (GNS PF6 ) on Cd 2+ are far better than that of CNTs. Therefore, graphene-based composites as an effective absorbent for heavy metals are being explored. However, as far as we know, there has been rare relevant researches on adsorption property of graphene-cement-based composite materials.
In my work, functionalized graphene nano-platelets (FGN) was prepared by nitric acid treatment. With the incorporation of FGN into cement-based materials, FGCC possess not only better the excellent adsorption properties, but also the desorption properties [6] . Particularly, the preparation process of FGCC in this paper are simple without high temperature sintering as compared with the cement-based materials. Besides, some factors that influence adsorption properties of FGCC including pH value and contact time and the adsorption mechanism of FGCC were also studied in order to developing graphene-cement composite materials into ideal adsorbent material in future.
Experiment

Materials
Graphene nano-platelets (GNps) were purchased from Cheap Tubes Inc. USA. The physical parameters of GNps are shown in Table 1 . Cement were gotten from Dalian Onoda cement plant. Nitric acid (HNO 3 , wt.70%), ammonium hydroxide (NH 3 •H 2 O, wt.25%) and lead nitrate (Pb(NO 3 ) 2 , wt.99%) were obtained from Sinopharm Chemical Reagent Co., Ltd. China. Preparation of FGN The FGN were prepared by GNps of oxidization with 70wt% nitric acid. The GNps (3g) and nitric acid (300ml) are mixed in a 500ml glass flask that was placed in ice-water bath and then the reaction mixture was stirred continuously for 2h. Afterward, the temperature was raised to 35℃ and 100ml 70wt% nitric acid was added gradually to the mixture under magnetic stirring for 2h. The following steps such as filtration, rinse (with moderate alkaline (NH 3 •H 2 O) until the pH value adjusted to about 7.0) and drying progress (dried 3h in the oven at 60℃) were carried out as Brodie method [7] . It is a novel way to prepare of FGN that functional groups were grafted to the surface of graphene.
Preparation of FGCC
The FGCC were prepared by FGN and cement. The FGN (0.09g) added to 80% water and treated by ultrasonic for 10min in order to obtain homogeneous-dispersed FGN in water. Then, the dispersion solution and cement pour into blender machine slowly and simultaneously. The following step are: slow stirring for 1 min, add the 20% water to cement paste, stop for 1 min, and rapid stir for 4min. The mixer was shaped into molds(20mm×20mm×20mm) and remove after 24h.The specimens were put in curing chamber for 28d under the proper condition ( temperature :20℃±2℃, humidity over 95%). Unless noted otherwise, all the volume of solution that used for adsorption and desorption were 1000ml in the whole experiment. Then the FGCC and controlled sample were immersed in solution in sealed beaker.
In order to study on the effect of pH value on adsorption of FGCC, the pH value of solution determined by pH meter maintain 2, 4, 6, 7 and 8 and adjusted by 0.1mol L -1 HNO 3 or 0.1mol L -1
NaOH. And the detection of concentration of solution of heavy metals was carried out by ICP (Inductively Coupled Plasma) after 28d so as to the fulfilled adsorption of FGCC. As for the effect of contact time, it was set in 1d, 3d, 7d, 9d, 14d and 28d, and detect the concentration of Pb 2+ , Cu 2+ at intervals of it under the condition of pH=7. The removal percentage (E%) was calculated by using the following formulas:
(1) where C 0 and C e (mg L -1 ) are the before and after adsorption concentration of heavy metals in the solution, respectively.
Results and Discussion
Characterizations of FGN The Figure 1 illustrated the SEM of FGN, showing that the platelets of FGN was overturned fold and reversed fold with loose construction due to its oxygen-containing functional groups. And we can know from the Figure 1 that the platelets were fine enough, about 1~2nm. It is prove that FGN own large specific surface area because of the fine platelets and the introduction of oxygen-containing functional groups, which can promote the cement hydration. In addition, the more active sites for adsorption located on surface of FGN, contributing to the better adsorption effect of FGN and FGCC. The removal percentage, adsorption in 28d, can be calculated by above formulas (1) and shown by the Figure 2 . We can know from that removal percentage of heavy metals increased and then decreased with the growth of the pH value. When pH was less than 7.0, the removal percentage has risen sharply. Especially for Pb 2+ , the growth of percentage slowed in the pH value range of 4 to 6, and then sharply rise; Moreover, removal percentage became maximum at pH value of 7 and start to decline at pH value of more than 7. The hydration products of the cement, containing Ca(OH) 2 , C-S-H and hydrated calcium aluminate etc [8] , exist stably when pH value is about 7. At lower pH value, the hydration products decomposes and hydrolyze. And Mg 2+ , Fe
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2+
, Al 3+ with the positive charge that released from hydrated products compete with Pb 2+ and Cu 2+ for active sites, which were provided by FGN and hydration products, and thus hinders the adsorption effect of FGCC [9] . Along with the increase of pH value, the content of H + decrease and content of OH -increase so that heavy metals participated in precipitation and decomposition reaction and became precipitations form, and it make effect come better. When the pH value is more than 7, precipitations complexed with metal ions covered the active sites, lead to the worse adsorption effect [10] . So the pH value in solution is a key factor, which affect the distribution and existent morphology of heavy metals [11] .
Effect of Contact Time on Adsorption
The removal percentage can be calculated and illustrated in Figure 3 . With the incorporation of 0.09g FGN, adsorption of FGCC for heavy metals become better with the compare of controlled sample. And removal percentage of Pb 2+ and Cu 2+ improved by 10.26% and 10.49%, respectively. Because more active sites was supplied by FGN and hydrated products of the FGCC. The content of C-S-H and Ca(OH) 2, the more active sites exist for adsorption [8] [12] . Thus, the adsorption effect become better. Moreover, the C-S-H gel and other hydrated products knitted with themselves, covering the heavy metals so that make the better adsorption effect. 
Adsorption Mechanism
The SEM-EDS result was illustrated in Figure 4 . It indicated that morphology of FGCC after adsorbing Pb 2+ and Cu 2+ and the select zone scanned by EDS showed that homogeneous distribution of Pb 2+ and Cu 2+ on hydrated products of FGCC due to plenty of active sites for adsorption. Because initial stage of adsorption, there are lots active sites for heavy metals, which are captured rapidly by ion exchange and precipitation reaction. With the growth of contact time of more than 7, since then, the heavy metals has been captured by the most of active sites so that concentration of heavy metals declined and rising tendency of removal percentage drops. Moreover, the metals-complexes of ions exchange and precipitation reaction was illustrated in the Figure 5 , 6 • 5 H 2 O. In addition, osmosis pressure in pores and permeability of FGCC contributed to adsorption for heavy metals. Along with hydration of cement, the multi-connection area in pores structures made of C-S-H gel, ettringite and Ca(OH) 2 became capillary pores due to filling effect of hydrated products [13] . And when the FGCC was immerged in solution, osmosis pressure make solution of heavy metals goes into capillary pores and exposure to more active site of inner hydrated products so that heavy metal adsorption continue happened. On the other hand, heavy metals separated out and adhere to hydrated products because of the content of water declined in hydration reaction in every capillary pores [14] . 
Conclusion
With the incorporation of 0.09g FGN, the FGCC shows extraordinary adsorption property of removing heavy metals from solution-removal percentage of 1d-adsorption, 3d-adsorption, 14d-adsorption and after reached to more 90%, 96% and closed to 100%, respectively. Moreover, the factors of pH value and contact time is important. At the pH value range of 2 to 8, the removal percentage keep more than 72.5% and approach to highest maximum at pH value of 7. And under the rational condition, the hydrated products of FGCC can react with heavy metals easily and form into metals-complex. Therefore, it suggests that FGCC may be an ideal adsorbent for wastewater treatment and it has great potential applied value in environmental protection.
